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Z Introduction 
I n  t h e  i n t e r a c t i o n  of high energy ( 2 1 0 0  GeV) hadron w i t h  a nucleus, the re  
a r e  severa l  i n t e r e s t i n g  points1) which a r e  not f u l l y  explained by t h e  e x i s t i n g  
models2). F i r s t l y ,  t h e  cross  s e c t i o n  does not  obey t h e  simple ~ 2 1 3 - r u l e .  Increase  
of m u l t i p l i c i t i e s  with A is  r a t h e r  slower than expected. Some models a r e  proposed 
t o  explain t h i s  point.Angular d i s t r i b u t i o n s  a r e  a l s o  t o  be  explained. 
Here w e  propose two models which seem t o  expla in  var ious  experimental 
r e s u l t s  f a i r l y  w e l l .  The c ross  sec t ion  does not  depend on t h e  type of i n t r a -  
nuclear  i n t e r a c t i o n s .  
2 Mass number dependence of i n e l a s t i c  cross  sec t ions  
The t a r g e t  nucleus can be considered a s  a sphere of r ad ius  r ;~" , where r,, 
is the  Compton wave length  of pion and A is the  mass number of t h e  t a r g e t .  
Let X be t h e  number of nucleons which can i n t e r a c t  with t h e  inc iden t  hadron and 
V ~ ~ W ( X , A )  t h e  X-distr ibution f o r  t h e  nucleus with mass number A. 
When t h e  incident  hadron comes i n  a region near a  nucleon i t  i s  assumed t o  
i n t e r a c t  with a p robab i l i ty  c. Then the  p robab i l i ty  t h a t  t h e  inc iden t  hadron 
i n t e r a c t s  with t h e  i - t h  p a r t i c l e  of X nucleons . i s  given a s  
Thus the  p robab i l i ty  t h a t  the  incidenf hadron i n t e r a c t s  i n  a t a r g e t  nucleus f o r  
a c e r t a i n  value  of X is 
X Z. C= I P(i)= 1 - ~ l - c ] ~ .  
The t o t a l  c ross  sec t ion  c ~ t ( A ) i s  ca lcu la ted  a s  follows, 
c & ~ ( A )  = i i r o 2  ZJ1 - ( I - c ) * ) w ( x , A )  . 
Assuming t h i s  considera t ion appl icable  f o r  a  nucleon (A=l), 
When we take  t h e  value  of c  a s  1 f o r  inc iden t  nucleon and a s  0.6 f o r  inc iden t  
pion, CTt,t(l) is cons i s t en t  with the  experimental values f o r  100 GeV region. 
Q~:S f o r  p-N and z-N i n t e r a c t i o n s  ca lcu la ted  with these  c-values are shown i n  
Fig. 1 a s  funct ions  of'A. 
The i n t e r a c t i o n  considered here  i s  the  type i n  which it is c l e a r l y  i d e n t i f i e d  
a s  i n e l a s t i c  i n ,  e.g., nuclear  emulsion experiments by mul t ip le  production o r  
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emission of h%vily ioniz ing t racks .  Therfore, w e  should s u b t r a c t  e l a s t i c  and 
near ly  e l a s t i c  cross  sec t ions .  This c ross  sec t ion  CTE(A) can be  considered as 
follows , 
because, i f  X22, t h e  s c a t t e r e d  p a r t i c l e s  w i l l  cause t h e  next i n t e r a c t i o n  
i n s i d e  t h e  t a r g e t  nucleus even when t h e  f i r s t  one i s  near ly  e l a s t i c  and the  
i n t e r a c t i o n  shows i n e l a s t i c  f ea tu re .  Pu t t ing  kz0.17, ~ ~ ( 1 )  coincides with C& 
f o r  200 GeV p-p in te rac t ions .  
The i n e l a s t i c  cross  s e c t i o n  A thus ca lcula ted  is  shown i n  Fig. 2 wi th  
0.37 experimental values. Tlie expected cross  s e c t i o n  can be approximated by A , 
not  by A " ~ ,  and agrees f a i r l y  w e l l  with experimental data.  
3 In te rac t ions  i n s i d e  the  t a r g e t  nucleus 
To obta in  t h e  m u l t i p l i c i t y  and angular d i s t r i b u t i o n s  of the  hadron-nucleus 
c o l l i s i o n s ,  secondary i n t e r a c t i o n s  i n s i d e  t h e  nucleus should be taken i n t o  
considerat ion.  A s  t h e  model f o r  these  intra-nuclear  i n t e r a c t i o n ,  w e  consider two 
extreme cases. 
(1) Created p a r t i c l e s  can be considered a s  independent and the  whole i n t e r a c t i o n s  
a r e  t h e  superposi t ion  of these  individual  in te rac t ions .  
(2) Created p a r t i c l e s  a r e  not  independent before  emerging t h e  nucleus,  and t h e  
secondary i n t e r a c t i o n s  a r e  those between t h i s  group (may be ca l l ed  exci ted  state 
or f i r e b a l l )  and t h e  next  t a r g e t  nucleon. 
3-1 Independent r eac t ion  model 
Secondary p a r t i c l e s  from the  f i r s t  i n t e r a c t i o n s  have mainly t ransverse  momenta 
less than, say, 1 G e ~ / c ,  and p a r t i c l e s  with energy ( 2 5  GeV) enough t o  con t r ibu te  
secondary mul t ip le  productions a r e  emitted i n  t h e  angle less than 0.2 rad.  This 
means t h a t  these  p a r t i c l e s  do not  diverge more thah t h e  order of magnitude of 
tb , and t h e  secondary mul t ip l i ca t ions  take  p lace  with nucleons forming a l i n e .  
Therfore, the  number of these  i n t e r a c t i o n s ,  including t h e f i r s t  one, hardly exceeds 
s i x  even f o r  t h e  l a r g e s t  nucleus when t h e  impact parameter is  zero. 
To obta in  r e s u l t s ,  w e  must assume t h e  energy of p a r t i c l e s  causing these  
r a  e 
secondary interactions.~~e,,~ultiplicit~s a funct ion of A f o r  average energy 
of O . l E o  and 0.15E0 are shown i n  Fig. 3 with experimental da ta  f o r  200 GeV 
p-nucleus c o l l i s i o n s .  The agreement is f a i r l y  well .  
The number of heavily ion iz ing  t r acks  can be  considered t o  be  p ropor t iona l  
t o  t h e  number of intra-nuclear  i n t e r a c t i o n s ,  and Nh is  calcula ted  t o  b e  quadra t i c  
form of X. Obtaining c o e f f i c i e n t s  from 200 GeV p-p and p-nucleus i n t e r a c t i o n s ,  
(ns> vs. Nh curves a r e  shown i n  Fig. 4 f o r  var ious  energies.  Experimental r e s u l t s  
are a l s o  shown i n  the  f igure .  
.. . 
The angular d i s t r ibu t ion  for  ~ ~ - 0  (quasi-nucleon-nucleon co l l ie ionr )  , 
is f a i r l y  well  expressed by Gaussian function aa show11 i n  Fig.3. . . 
. .- . . e  . . . .. 
F i g . 5 . i ~  expressed i n  probabi l i ty  papec and the  - l inear  .hapa means ~ a u s s k n .  . 
For medium and la rge  Nh, the angular d i s t r i bu t ion  subtract ing t h a t  of; 
are shown i n  Fig.6. These a r e  also. Gaussian corresponding t o  0.1~0~13 timer 
. . _ d  
Ancidcn  t energy. , .  , i . . 2'. 
, Thus t h i s  model explains e x p e r l m t a l  . r u u l t e  3.G dl1; 
I .  ' .  3-2 Collective reaction model :; ., 
. . 
. 
I .  . 
Let f be the nunbe: of nucl 'ods  $ o t t i c i p a t $ ~ ~ '  la tha particla "prod~t~od i  
, I .  
. '  . 
then the total energy i n  the 3-th c o l l i s i o n  
I E i =  EO+jMgEi . .  . @ .. 
. ;here M i e  the  nucleon mass. Putt ing - .  the  p r o j e c t i l e  mas8 m z  
4 :  I 
s i  m (ma* j ' ~ '  + 23ME.) B 2j'HEa 1 
.. The Lorentz fac tor  yi of the fina3. s t a t e  is expressed a s  
f i *  Y I a ( ~ o + ) ~ ) & a  =(E;/~M) 3 . ti 
I n  t h i s  model, the incident-hadron l a  considered t o  c o l l i d e  wi th  . t a r g e t  . 
a%- 
, of mass jM. But i n  this case the f i n a l  v o l m e  V, of in t e r ac t ion  i o  not the:. 
. . 
eame with Vk of s ing le  collision.- 
* 
 hen we assume t h a t  the d i f f e r e n t i a l  cross  iiection i e  .exprbeiad.'ii':: 
. . , .  I 
for elementary in te rac t ions ,  and 
. , 
- .  ., . *. . 
t... 4 , .. . I I 
- d%(i,/dv = f (~ . ,G;VJV, )+ (~  ,ti.,') fi. .' . . n'e nVi/Vt. n 1 
:or nucleus target .  , 
, . 
F i t t i n g  Vj from 200 Gev p-N in te rac t ions ,  j i s -expressed  by a lhear 
function of X. The dependence of-Nh on j i s  a l s o  determined from t h i s  ekperlment.  
. . . . 9 . 9  s.0 ' r 
.-. _ 
The maximum of 3 i s  8.4 f o r  t he  l a r g e s t  nucleus. . ? a  ,' 2 
-4; 
The dependence of <n,) on Nh ie calculated f o r  var ious  primary eneirgiea;. 
. W . .  * , 
.' t o  compare ir i  t h  the  f i r s t  bodel. :.i%ough the  hasump t ions  ate ax'trauly *, 
, . different , the  r e s u l t s  do no t  d i f f e r  s o  much a s  ehowa i n  Fig.7. 
. . ' .  i;: 
*. 
3 .  * 
I n  conclusion, both model. .explain f a i r l y  wal l  >he var io lu  experir&ntal , i 
. . .results, and i n  the  aeeuracy of t he  pre8ent experiments$ daga i t  i r -  di f f i cu l t  : 
, '  . , . '  ! .*a.  , 
. < 
.. --.: . - . i  , *  
* t o  decide which model is appropriate. .... 
.. . rn - . 
3 
, Ref. 
- 
. : 
. . 
1) T.Ogata:private  communication.^ 
.I, 
I ., Y.Konishi e t  a l :  p r e p r i n t  
A.Gurtu et  al:Phys.Lett.SOB 391, (1974) .. ' . !. 
-, a .  . . 
Collaboration of Barcelona e t . r l i P h y e . L e t t . ~  467 (1974).: 
' ,  
-2)e .g ; .  . .. . . . ,  . , 
XC.6ot t f r i e d : ~ ~ R N  TU735 09731 ' . 
. . 
Fig. 1. 
Fig. 6. 
Figure Captions 
Mass number dependence of p-nucleus andZ-nucleus t o t a l  c r o s s  s e c t i o n s  
ca lcula ted  by t h i s  model. 
Mass number dependence of p-nucleus t o t a l  i n e l a s t i c  cross  sec t&on 
ca lcu la ted  by t h i s  model. 
Mass number dependence of average m u l t i p l i c i t y  of shower p a r t i c l e s  
<n,) calcula ted  by independent r eac t ion  mode1,compaired with experimental 
data.  
Nh-dependence of average m u l t i p l i c i t y  <ns)  obtained by independent 
r eac t ion  model and experimental va lues  f o r  d i f f e r e n t  energies.  
9 d i s t r i b u t i o n  of shower p a r t i c l e s  f o r  Nh=O,obtained from emulsion 
experiment. Expressed i n  t h e  p robab i l i ty  paper. 
? d i s t r i b u t i o n s  of shower p a r t i c l e s ~ o b t a i n e d  from emulsion experiment 
f o r  ( a )  1CNhi8 (b) N$9, ahteg sbbtr8Ct.kon of d i s t r i b u t i o n  f o r  Nh'e 
Expressed i n  the  probabi l5 ty  paper. 
Nh-dependence of (n) ca lcu la ted  from c o l l e c t i v e  r eac t ion  model. 
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